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Abstract

Objectives—Attachment theory has become a key framework for understanding responses to 

and consequences of trauma across the life course. We predicted that more severe post traumatic 

stress (PTS) symptoms at age 37 would be associated with insecure attachment at age 55 and with 

worse PTS symptoms 24 years later at age 61, and that age 55 attachment would mediate the 

influence of earlier PTS symptoms on later symptoms.

Design—Data on PTS self-reported symptoms were available for 975 community-dwelling 

participants from the longitudinal Vietnam Era Twin Study of Aging (VETSA) at ages 37 and 61. 

At age 55, participants completed the Experiences in Close Relationships Inventory, a measure of 

adult attachment.
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Results—PTS symptoms at ages 37 and 61 correlated r=.43 (p<.0001). Multiple mediation 

models found significant direct effects of age 37 PTS symptoms on age 61 PTS symptoms (β=.26; 

95% confidence interval: .19; .33). Anxious and avoidant attachment at age 55 predicted PTS 

symptoms at age 61 (rs=.34 and .25; ps<.0001, respectively) and also significantly mediated PTS 

symptoms over time, showing that insecure attachment increased PTS severity. Participants with 

higher age 37 PTS symptoms were more likely to have a history of divorce; marital status did not 

mediate PTS.

Conclusions—Analyses demonstrate the persistence of PTS symptoms from early midlife into 

early old age. Mediation analyses revealed that one path through which PTS symptoms persisted 

was indirect, through their influence on attachment insecurity. This study provides insight into 

ongoing interconnections between psychological and interpersonal responses to stress.
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Objectives

Children separated from their parents to protect them from danger fared more poorly than 

children who stayed with their parents but experienced the stresses of war more directly.(1) 

Neural activation in response to threat was reduced in women when their spouses, or even a 

stranger, held their hands during an experimental procedure.(2) Elderly veterans in Finland, 

studied decades after World War II, had lower than predicted rates of post-traumatic stress 

disorder (PTSD) and higher levels of well-being despite their exposure to extreme duress 

during the war; their hardiness was attributed to their strong attachments and social ties to 

their communities.(3) These and other studies on the role of socio-emotional bonds as 

protective biopsychosocial mechanisms suggest the fundamental importance of supportive 

attachment relationships for mitigating stress.

Attachment theory has become a key framework for understanding responses to and 

consequences of trauma exposure across the life course.(4,5) From infancy, secure 

attachment—the sense that an important relationship is trustworthy, and dependable (a “safe 

haven”)—plays an important role in stress response and the development of close social 

bonds.(4) A number of studies, predominantly cross-sectional, find associations between 

PTSD and impaired social bonds (i.e., insecure attachment).(6–11) Attachment insecurities 

are associated with a wide range of psychological disorders and dysfunctional behaviors, 

including PTSD.(12) Clinical evidence suggests that therapies directed toward attachment-

related thoughts and behaviors improve psychiatric symptoms, including PTSD, in adults.

(5,12,13)

PTS symptoms are known to persist and are associated with greater vulnerability to early 

mortality physical decline, and increased psychiatric comorbidities.(14–17) Based on 

attachment theory, we inferred that one mechanism through which PTS symptoms may 

persist over time is through their influence on emotional responses to relationships (i.e., 

attachment-related anxiety and avoidance). In turn, the diminished expectations for support 

from others, poor emotional regulation, and impact on stress regulatory biological systems 
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that are hallmarks of insecure attachment contribute to poorer resolution of PTS symptoms 

and to poorer outcomes when new stress exposures occur.(9) Few longitudinal studies 

investigate these associations. Fraley et al (2006) found that adjustment improved in 

securely, but not insecurely, attached survivors of the World Trade Center attacks across one 

year.(18) In a study of Israeli combat veterans, baseline PTS symptoms predicted higher 

levels of attachment insecurity and PTS symptoms 12 years later; the authors’ hypothesis 

that baseline attachment insecurity would predict later PTS symptoms was not supported.

(19)

We had a unique opportunity to examine the longitudinal dynamics of PTS symptoms and 

adult attachment. Participants were assessed for PTS symptoms at ages 37 and 61, and for 

adult attachment at age 55. We predicted that 1) PTS symptoms would persist over time; 2) 

age 37 PTS would be associated with insecure attachment; and 3) higher levels of insecure 

attachment would be associated with age 61 PTS symptoms. Finally, 4) we hypothesized 

that adult attachment would function as a path or mediator through which earlier PTS 

symptoms influence later symptoms.

Methods

Participants

Participants in the baseline assessment of the Vietnam Era Twin Study of Aging (VETSA: 

2002 to 2008) were 1237 individual male twins randomly recruited from 3322 twin pairs 

from the nationally representative Vietnam Era Twin Registry (VETR) (20,21) Participants 

served in the United States military between 1965 and 1975. VETSA baseline inclusion 

criteria were: 1) participants were 51 to 59 years old when recruited; and 2) both members 

of a twin pair agreed to participate. The VETSA follow-up assessment occurred 

approximately six years later (2009–2013). The VETSA is a prospective longitudinal study 

of risk and protective influences on aging starting at midlife in a community-dwelling 

sample of male veterans (not patients).(22) Vietnam era veterans currently account for one-

fifth of adults over 60 and one-third of all veterans in the United States.(23)

Health and lifestyle characteristics of the VETSA baseline sample are comparable to men in 

the general population of the United States in this age group.(24) The majority of VETSA 

participants did not serve in Southeast Asia (65%) and 25% were exposed to military 

combat.(20) Participants entered military service in 1968 (SD 2.31) at an average age of 

19.31 (SD=1.39). Other demographic characteristics of the sample are presented in Table 1. 

From this point on, we label timepoints using the mean age at each assessment: age 37 in 

1987; 55 at VETSA baseline; 61 at follow-up.

Procedures

At age 37 VETSA participants completed a mailed survey assessing PTS symptoms and 

combat exposure during military service.(25) At 55 and 61, they completed mailed 

psychosocial questionnaire booklets (PSQ) at home two to three weeks prior to on-site 

testing and brought the PSQ to the test site (>99% return rate). The analytic sample 

Franz et al. Page 3

Am J Geriatr Psychiatry. Author manuscript; available in PMC 2015 December 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



comprises participants who completed PTS symptom measures at 37 and PSQs at the ages 

55 and 61 (N=975).

Attrition rates between the age 55 and 61 assessments were 18% (N=226); the major known 

cause of attrition was death (N=60). T-test comparisons of demographic measures in follow-

up participants and the attrition group showed no differences in occupation, education, 

general cognitive ability, PTS symptoms at age 37, combat exposure, major chronic health 

problems, attachment dimensions, or marital status. Only two measures differed 

significantly. Non-returnees were slightly older [mean 55.7 versus 55.4 years old; t (1235)= 

−2.09; P=.04] and had slightly higher mean incomes [$50–$59,999 versus $40–$49,999 per 

year; t (1225) = −2.27; P=.02] than follow-up participants.

Institutional Review Board approval was obtained at all sites. Written informed consent was 

obtained from participants after they received a complete description of the study.

Measures

PTS symptoms—At age 37, participants completed a 13-item questionnaire assessing 

PTS symptoms based on the three symptom clusters from the Diagnostic and Statistical 

Manual of Mental Disorders, 3rd Edition Revised (DSM-III-R).(25,26) The questionnaire 

included items about symptoms related to: 1) re-experiencing military service-related 

trauma; 2) avoidance of stimuli or numbing of responsiveness; and 3) arousal. Participants 

indicated how frequently each symptom occurred in the past six months (very often, often, 

sometimes, almost never, or never). The PTS measure had high reliability (alpha=0.89) and 

strong validity.(25,26)

The questionnaire can also be scored for presumptive diagnosis of PTSD.(25) Each item is 

dichotomized (sometimes, often, or very often vs. almost never or never) to indicate 

presence or absence of severe symptoms. Cluster severity is then determined based on a 

minimum number of severe symptoms associated with a cluster: re-experiencing cluster (one 

severe symptom present); avoidance cluster (three severe symptoms); arousal cluster (two 

severe symptoms). Presumptive PTSD is assigned when all three symptom clusters meet 

severity criteria.(25) PTS symptoms were not assessed at age 55.

At age 61, participants completed the reliable, valid, 17-item self-report DSM-IV based 

PTSD Checklist civilian version (PCL).(27,28) Participants rated how much they were 

bothered by each symptom in the past month on a scale from 1 (not at all) to 5 (extremely). 

The two PTS measures correlated >.90 when administered to the same group of adults 

(personal communication, Jack Goldberg, Ph.D., 2013). The PCL can also be scored for 

presumptive PTSD using established, comparable criteria for type and severity of symptoms 

as the age 37 measure. At age 37 and 61, we created three groups: presumptive PTSD (three 

severe clusters), distressed (two severe clusters) and low distress (one or no severe clusters).

Adult romantic attachment—Adult romantic attachment was assessed with the 36-item 

Experiences in Close Relationships Inventory (ECRI).(29) at age 55: a well-validated self-

report measure of adult attachment.(12,29) The ECRI yields two subscales assessing anxiety 

and avoidance (alphas >.90). Responses range from one (strongly disagree) to seven 
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(strongly agree). High scores on the attachment anxiety dimension indicate intense worries 

about separation and fear of abandonment by an intimate partner (e.g., “I get frustrated if 

romantic partners are not available when I need them”). High scores on the attachment 

avoidance dimension indicate distancing from emotional connections (e.g., “I prefer not to 

show a partner how I feel deep down”). Low scores on either scale reflect secure attachment. 

The subscales are continuous dimensions. No measure of attachment orientation was 

administered at age 37.

Poorer relational functioning at ages 37 and 55 was also measured in terms of three marital 

status groups: never married; history of divorce; currently married only one marriage.

Combat exposure—A combat exposure measure administered at age 37 assessed 

exposure to 18 specific combat experiences (yes, no) while serving in Southeast Asia and 

was previously validated using military service records.(25) Combat exposure was used as a 

covariate in the mediation analyses.

More details of the VETSA data collection are available elsewhere.(22,30)

Data Analyses

Linear mixed models were fit using the nlme package in R for each pathway in the multiple 

mediation model (see Figure 1).(31,32) The model tested whether attachment mediates PTS 

symptoms by examining the indirect effects of age 37 PTS symptoms on age 61 PTS 

symptoms through age 55 attachment avoidance and anxiety. Analyses adjusted for combat 

exposure and for the clustering of twins within pairs. Adjusting for clustering as a random 

effect was necessary because twins are not independent observations and the goal here was 

to conduct non-genetic analyses in which the individual rather than the twin pair was the 

unit of analysis. In Figure 1, the a paths reflect the effect of age 37 PTS symptoms (the 

independent variable) on each mediator (M1; M2). The b paths reflect the effect of the 

mediators on age 61 PTS symptoms (the dependent variable) controlling for other measures 

in the model. Specific indirect effects are represented by the product of aixbi. Thus, 

mediation analyses of specific indirect effects involve simultaneous calculation of age 55 

attachment anxiety (M1) and age 55 attachment avoidance (M2) mediating the effect of age 

37 PTS symptoms on age 61 symptoms (paths a1b1 and a2b2 respectively). The c′ path 

reflects the direct effect of age 37 symptoms on age 61 symptoms. Finally, the c path 

represents the total effect of age 37 PTS symptoms on PTS symptoms at age 61. Results are 

presented as the estimates of the Type III fixed effects, which represent each measure’s 

influence after other measures have been entered into the model. All measures were 

standardized with a mean of zero and SD of one.

Estimation and testing of the significance of the direct and indirect effects were 

accomplished by using a nonparametric bootstrap approach. This innovative non-parametric 

bootstrapping procedure was designed to estimate the sampling distribution of the indirect 

effect when multiple mediators are examined.(31,32) There are multiple benefits to using 

this approach: multiple mediators can be tested simultaneously; the non-parametric 

bootstrapping procedure makes no assumptions about whether the indirect effects are 
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normally distributed; and the number of statistical tests is reduced thus minimizing the 

likelihood of Type 1 error.

Confidence intervals were obtained by performing 1000 bootstrap replicates from the 

sample of 975 individuals. Bootstrapping samples with replacement twin pairs from the 

original sample were constrained to have the same number of monozygotic and dizygotic 

twins as in the original sample. Resampling with replacement was repeated 1,000 times to 

obtain path estimates for all portions of the full model. The middle 95% of estimates for 

direct and indirect effects from these samples were used to create 95% confidence intervals 

(CI). Bootstrapped CI are considered to be preferable to traditional Sobel tests because they 

make no assumptions regarding the sampling distribution of the indirect effect.(31,32) 

Interpretation of bootstrap data is accomplished by examining whether zero is contained 

within the 95% CI. Results are significant if zero is not included within the 95% CI.

Other analyses were conducted with mixed models in R, in order to adjust for the random 

effect of the non-independence of twins.

Results

Descriptive Analyses

Men with higher levels of PTS symptoms at age 37 had significantly higher levels of 

attachment anxiety and avoidance at age 55 as well as more severe PTS symptoms at age 61 

(Table 2). Age 55 attachment significantly predicted age 61 PTS; men with higher levels of 

avoidant and/or anxious attachment had higher PTS symptoms six years later. Although 

combat exposure from military service correlated significantly with age 37 and age 61 PTS 

symptoms, it was not associated with attachment avoidance or anxiety at age 55.

In Table 2 the descriptive data are also broken down by age 37 symptom cluster severity 

groups (i.e., presumptive PTSD, distressed, low distress). The results show significant linear 

trends in which it is evident that the distressed group (below clinical threshold) was 

impaired at later ages—with significantly higher anxious and avoidant attachment, and age 

61 PTS symptoms than the low distress group. Finally, 7.5% (N=73) of age 37 and 7.2% 

(N=70) age 61 participants reported PTS symptoms severe enough to be coded as 

presumptive PTSD (Table 3). Although the rates of presumptive PTSD were similar at both 

times, chi-square analyses found that 20 (28%) individuals scored as having presumptive 

PTSD at both times. Forty-eight men (66%) with presumptive PTSD at age 37 improved 

over time (i.e., low distress at age 61) but 33 men who were low distress at age 37 now 

scored as presumptive PTSD (4% of age 37 low distress group). Age and ethnicity were not 

associated with PTS symptoms or attachment so they were not included as covariates in the 

multiple mediation models.

Bootstrapped Multiple Mediation Model. Age 55 attachment anxiety and avoidance both 

significantly mediated the association between age 37 and age 61 PTS symptoms (paths a1b1 

+ a2b2; total indirect effects β=0.07; Table 4). The direct effect of age 37 PTS symptoms on 

age 61 symptoms, adjusting for the influence of the mediators and covariates, remained 

significant (path c′: β=.26). The total effect (path c: direct plus indirect) was β=0.32. Most of 
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the effect (81%) on age 61 PTS symptoms was accounted for by direct effects of symptoms 

at age 37. Thus attachment orientation only partially mediated the effect of age 37 PTS on 

later PTS symptoms. The results indicate that, overall, each one standard deviation increase 

in age 37 PTS symptoms (a one unit increase = 7.7 points) was associated with 0.32 SD or 

an approximately 3.3 point increase in PTS symptoms at age 61.

Figure 2 presents standardized individual path estimates and confidence intervals for the 

predictor and two mediators in the multiple mediation model. All of the path estimates were 

significant. Here we see, for instance, that each one SD increase in PTS symptoms at age 37 

was associated with 25% higher attachment anxiety and 17% higher avoidance at age 55. 

Insecure attachment predicted higher PTS symptoms at age 61, even when adjusting for 

earlier symptoms and combat exposure.

Age 37 PTS symptoms significantly predicted increased risk for divorce and never marrying 

at age 55 [OR 1.51 (CI 1.21; 1.88); OR 1.89 (CI 1.24; 2.88) respectively, married once as 

comparison group]. Marital status, however, was not associated with PTS symptoms at age 

61 [F (2,431) = 0.29, p=.75] so did not mediate PTS symptoms over time.

Effect sizes

There is no established procedure for calculating effect sizes from mixed models that are 

adjusted for a random effect. In order to estimate the effect size we conducted a multiple 

linear regression in the R statistical package predicting PTS at age 61 using just one twin 

from a pair. The dependent variable was PTS symptoms at age 61; the model included 

combat exposure, PTS symptoms at age 37, attachment anxiety and avoidance at age 55 as 

predictors. All measures were standardized. The adjusted multiple R squared was .30 (Table 

5). Thus about one-third of the variability of age 61 PTS symptoms is explained by these 

combined measures; this is a large effect size according to Cohen’s convention and accounts 

for influences across nearly 25 years.(33) As can be seen by the parameter estimates, all 

measures significantly predicted age 61 PTS symptoms (Table 5). Although the regression 

model provides some insight into the long-term influences of these predictors, it provides 

little information about the longitudinal effects of the measures on each other, as was 

revealed through mediation analyses.

Conclusions

The severity of PTS symptoms in middle adulthood had enduring influences on PTS 

symptoms nearly 25 years later in this sample of aging veterans. PTS symptoms both 

influenced and were influenced by attachments to intimate others. Although earlier PTS was 

associated with both midlife relational quality (attachment) and marital history, only 

attachment was associated with PTS symptoms at age 61. Mediation analyses revealed that 

some of the effect of early PTS symptoms on later life symptoms was indirect, through their 

association with attachment avoidance and anxiety at age 55. Thus, attachment insecurity 

appears to be one mechanism contributing to the persistence of PTS symptoms over time.

These results extend previous cross-sectional studies finding associations between PTS 

symptoms and attachment.(6–8) However, they differ from the Solomon et al. longitudinal 
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study of Israeli POWs in which, contrary to their hypothesis, attachment at baseline did not 

predict PTS 12 years later.(19) In our analyses, age 55 attachment avoidance and anxiety 

still predicted age 61 PTS symptoms over and above the influence of age 37 symptoms. Our 

results are consistent with predictions from attachment theory in which feelings of safety in 

an important relationship should serve to mitigate psychological responses to stress. The fact 

that the Israeli study was much smaller than the VETSA, used different measures of 

attachment and PTS, and had different timepoints may account for the difference in results.

We compared rates of presumptive PTSD in the VETSA participants, based on published 

cut-offs, with rates from two other studies. At age 61, 6.8% of the VETSA participants 

scored higher than a clinically meaningful cut-off of 44 on the PCL. Pietrzak et al. reported 

a rate of 3.5% of veterans with scores greater than 44 in a sample with average age 71.(11) 

At age 37, 7.5% of the VETSA participants—veterans of the Vietnam War—were coded as 

having presumptive PTSD (a comparable index to a severity of 50 on the PCL) and 4.6% of 

the VETSA men scored higher than 50 on the PCL at age 61. Clark and Owens found that 

15% of veterans of the wars in Iraq and Afghanistan had PCL symptoms greater than 50 at 

age 35. Part of the discrepancy in these rates may be due to characteristics of the combat 

arena, age, sample, or methodology. The Pietrzak sample, for instance, was a large national 

survey sample of elderly veterans whereas Clark and Owens studied 147 volunteer veterans 

through an internet survey. It is also possible that the different rates of diagnosable PTSD in 

these samples may reflect a selection factor. That is, younger individuals who are closer in 

time to the traumatic event and are experiencing more symptoms may be more likely to 

participate in studies.

These results are important in several ways. Traumatic events and/or failures in significant 

relationships are theorized to influence development of and changes in both PTS symptoms 

and attachment orientation.(5,12) In most people, PTS symptoms subside with time and 

distance from the contributing traumatic event, sometimes aided by formal therapeutic 

interventions as well as informal ones—such as the responsiveness and support of loved 

ones. Adult attachment theory, however, would predict that even in middle adulthood and 

decades after trauma exposure, trusting, dependable relationships with significant others 

(e.g., clinician, spouse, friend) could improve feelings of attachment security and thereby, 

potentially, influence PTS symptoms.(5,13,34) In survivors of sexual abuse with PTSD, for 

example, poor attachment interferes with the formation of therapeutic alliances, which have 

been found to be important for recovery.(35) Given research findings on the long-term 

effects of PTS symptoms on morbidity, mortality, relationships, and quality of life, 

interventions to reduce the sequelae of PTS symptoms on aging adults could have significant 

impact on social, psychological, and economic aspects of public health. (15,19,36,37)

There are several limitations to this study. The sample included only men thereby limiting 

its generalizability to women. We did not have measures of attachment or measures of 

characteristics prior to combat exposure, thereby limiting the causal inferences that can be 

made. Without a priori information, we cannot know how attachment might have 

contributed to initial development of PTS symptoms.(38,39) We examined two different 

PTS symptom measures at 37 and 61; however, the PCL had not yet been developed in 1987 

and the PTS measures used in this study are known to be reliable, valid, and correlate > .90. 
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The PTS measures are also self-report rather than categorical clinical diagnosis but having 

continuous PTS symptom measures are also a strength of our study since it allows us to 

examine the entire sample, and subclinical threshold symptoms levels rather than just those 

few adults who meet diagnostic standards. Finally, although this is a twin study, it was 

beyond the scope of the analyses to address the roles of genetic and environmental 

influences on these associations. Genetic influences on PTSD, stress exposure, and 

attachment are modest but significant, with heritabilities ranging from approximately .20 to .

30. (30,38,40) Examination of genetic and environmental influences (and their interactions) 

may provide additional insight into the dynamic associations between relational 

characteristics such as attachment and responses to stress.

Acknowledgments

Funding was provided by NIH/NIA [R01s AG018386, AG022381, AG022982 to W.S.K. and R01 AG018384 to 
M.J.L.] and the Academy of Finland [257075 to E.V.].

The content is solely the responsibility of the authors and does not necessarily represent the official views of the 
NIA/NIH, or the U.S. Department of Veterans Affairs (VA). The VA has provided financial support for the 
development and maintenance of the Vietnam Era Twin Registry (VETR). Numerous organizations have provided 
invaluable assistance in the conduct of the VETR, including: Department of Defense; National Personnel Records 
Center, National Archives and Records Administration; Internal Revenue Service; National Opinion Research 
Center; National Research Council, National Academy of Sciences; the Institute for Survey Research, Temple 
University. Most importantly, the authors gratefully acknowledge the continued cooperation and participation of the 
members of the VET Registry and their families as well as the contributions of many staff members and students.

References

1. Bowlby, J. Attachment and loss. New York: Basic Books; 1969. 

2. Coan JA, Schaefer HS, Davidson RJ. Lending a hand: social regulation of the neural response to 
threat. Psychol Sci. 2006; 17(12):1032–9. [PubMed: 17201784] 

3. Hautamaki A, Coleman PG. Explanation for low prevalence of PTSD among older Finnish war 
veterans: social solidarity and continued significance given to wartime sufferings. Aging Ment 
Health. 2001; 5(2):165–74. [PubMed: 11511064] 

4. Bowlby, J. A secure base: Clinical applications of attachment theory. East Sussex: Brunner-
Routledge; 1988. 

5. Mikulincer M, Shaver PR. An attachment perspective on psychopathology. World Psychiatry. 2012; 
11(1):11–5. [PubMed: 22294997] 

6. Clark AA, Owens GP. Attachment, personality characteristics, and posttraumatic stress disorder in 
U.S. veterans of Iraq and Afghanistan. J Trauma Stress. 2012; 25(6):657–64. [PubMed: 23225032] 

7. Renaud EF. The attachment characteristics of combat veterans with PTSD. Traumatology. 2008; 
14:1–12.

8. Currier JM, Holland JM, Allen D. Attachment and mental health symptoms among U.S. 
Afghanistan and Iraq veterans seeking health care services. J Trauma Stress. 2012; 25(6):633–40. 
[PubMed: 23129288] 

9. Charuvastra A, Cloitre M. Social bonds and posttraumatic stress disorder. Annu Rev Psychol. 2008; 
59:301–28. [PubMed: 17883334] 

10. Escolas SM, Arata-Maiers R, Hildebrandt EJ, Maiers AJ, Mason ST, Baker MT. The impact of 
attachment style on posttraumatic stress disorder symptoms in postdeployed service members. US 
Army Med Dep J. 2012:54–61. [PubMed: 22815166] 

11. Pietrzak RH, Cook JM. Psychological resilience in older U.S. veterans: results from the national 
health and resilience in veterans study. Depress Anxiety. 2013; 30(5):432–43. [PubMed: 
23468170] 

Franz et al. Page 9

Am J Geriatr Psychiatry. Author manuscript; available in PMC 2015 December 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



12. Mikulincer, M.; Shaver, PR. Attachment in adulthood: Structure, dynamics and change. New York: 
Guilford Press; 2007. 

13. Forbes D, Parslow R, Fletcher S, McHugh T, Creamer M. Attachment style in the prediction of 
recovery following group treatment of combat veterans with post-traumatic stress disorder. J Nerv 
Ment Dis. 2010; 198(12):881–4. [PubMed: 21135639] 

14. Elder GH, Clipp EC, Brown JS, Martin LR, Friedman HW. The Life-Long Mortality Risks Of 
World War II Experiences. Res Aging. 2009; 31(4):391–412. [PubMed: 20161074] 

15. Chapman C, Mills K, Slade T, McFarlane AC, Bryant RA, Creamer M, et al. Remission from post-
traumatic stress disorder in the general population. Psychol Med. 2012; 42(8):1695–703. 
[PubMed: 22166813] 

16. O’Toole BI, Catts SV, Outram S, Pierse KR, Cockburn J. The physical and mental health of 
Australian Vietnam veterans 3 decades after the war and its relation to military service, combat, 
and post-traumatic stress disorder. Am J Epidemiol. 2009; 170(3):318–30. [PubMed: 19564170] 

17. Wilmoth JM, London AS, Parker WM. Military service and men’s health trajectories in later life. J 
Gerontol B Psychol Sci Soc Sci. 2010; 65(6):744–55. [PubMed: 20864570] 

18. Fraley RC, Fazzari DA, Bonanno GA, Dekel S. Attachment and psychological adaptation in high 
exposure survivors of the September 11th attack on the World Trade Center. Pers Soc Psychol 
Bull. 2006; 32(4):538–51. [PubMed: 16513805] 

19. Solomon Z, Dekel R, Mikulincer M. Complex trauma of war captivity: a prospective study of 
attachment and post-traumatic stress disorder. Psychol Med. 2008; 38(10):1427–34. [PubMed: 
18257940] 

20. Eisen SA, True WR, Goldberg J, Henderson W, Robinette CD. The Vietnam Era Twin (VET) 
Registry: Method of construction. Acta Genet Med Gemellol. 1987; 36:61–6. [PubMed: 3673478] 

21. Tsuang MT, Bar JL, Harley RM, Lyons MJ. The Harvard Twin Study of Substance Abuse: What 
we have learned. Harvard Review of Psychiatry. 2001; 9:267–79. [PubMed: 11600486] 

22. Kremen WS, Franz CE, Lyons MJ. VETSA: the Vietnam Era Twin Study of Aging. Twin Res 
Hum Genet. 2013; 16(1):399–402. [PubMed: 23110957] 

23. U.S. Department of Veterans Affairs. The Veteran Population Projection Model 2011 
(VetPop2011). Washington, DC: 2013. 

24. Centers for Disease Control and Prevention. Health data for all ages. National Center for Health 
Statistics; 2007. Contract No.: April 20, 2007

25. Goldberg J, True WR, Eisen SA, Henderson WG. A twin study of the effects of the Vietnam War 
on posttraumatic stress disorder. JAMA. 1990; 263(9):1227–32. [PubMed: 2304238] 

26. True WR, Rice J, Eisen SA, Heath AC, Goldberg J, Lyons MJ, et al. A twin study of genetic and 
environmental contributions to liability for posttraumatic stress symptoms. Arch Gen Psychiatry. 
1993; 50(4):257–64. [PubMed: 8466386] 

27. Ruggiero KJ, Del Ben K, Scotti JR, Rabalais AE. Psychometric properties of the PTSD Checklist--
Civilian Version. J Trauma Stress. 2003; 16:495–502. [PubMed: 14584634] 

28. Weathers, FW.; Litz, BT.; Herman, DS.; Huska, JA.; Keane, TM. The PTSD Checklist (PCL): 
Reliability, validity, and diagnostic utility. 9th Annual Conference of the ISTSS; San Antonio, TX. 
1993. 

29. Brennan, KA.; Clark, CL.; Shaver, PR. Self-report measurement of adut romantic attachment: An 
integrative overview. In: Simpson, JA.; Rholes, WS., editors. Attachment theory and close 
relationships. New York: Guilford; 1998. p. 46-76.

30. Franz CE, York TP, Eaves LJ, Prom-Wormley E, Jacobson KC, Lyons MJ, et al. Adult romantic 
attachment, negative emotionality, and depressive symptoms in middle aged men: a multivariate 
genetic analysis. Behav Genet. 2011; 41(4):488–98. [PubMed: 21213033] 

31. Hayes AF. Beyond Baron and Kenny: Statistical Mediation Analysis in the New Millennium. 
Communication monographs. 2009; 76:4087–420.

32. Preacher KJ, Hayes AF. Asymptotic and resampling strategies for assessing and comparing 
indirect effects in multiple mediator models. Behav Res Methods. 2008; 40(3):879–91. [PubMed: 
18697684] 

33. Cohen, J. Statistical power analysis for the behavioral sciences. 2. Hillsdale, NJ: Lawrence 
Erlbaum Associates; 1988. 

Franz et al. Page 10

Am J Geriatr Psychiatry. Author manuscript; available in PMC 2015 December 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



34. Kearns MC, Ressler KJ, Zatzick D, Rothbaum BO. Early interventions for PTSD: a review. 
Depress Anxiety. 2012; 29(10):833–42. [PubMed: 22941845] 

35. Cloitre M, Stovall-McClough C, Zorbas P, Charuvastra A. Attachment organization, emotion 
regulation, and expectations of support in a clinical sample of women with childhood abuse 
histories. J Trauma Stress. 2008; 21(3):282–9. [PubMed: 18553408] 

36. Pietrzak RH, Goldstein RB, Southwick SM, Grant BF. Medical comorbidity of full and partial 
posttraumatic stress disorder in US adults: results from Wave 2 of the National Epidemiologic 
Survey on Alcohol and Related Conditions. Psychosom Med. 2011; 73(8):697–707. [PubMed: 
21949429] 

37. Schnurr PP, Lunney CA, Bovin MJ, Marx BP. Posttraumatic stress disorder and quality of life: 
extension of findings to veterans of the wars in Iraq and Afghanistan. Clin Psychol Rev. 2009; 
29(8):727–35. [PubMed: 19744758] 

38. Kremen WS, Koenen KC, Afari N, Lyons MJ. Twin studies of posttraumatic stress disorder: 
differentiating vulnerability factors from sequelae. Neuropharmacology. 2012; 62(2):647–53. 
[PubMed: 21443892] 

39. LeardMann CA, Smith TC, Smith B, Wells TS, Ryan MA. Baseline self reported functional health 
and vulnerability to post-traumatic stress disorder after combat deployment: prospective US 
military cohort study. BMJ. 2009; 338:b1273. [PubMed: 19372117] 

40. Lyons MJ, Genderson M, Grant MD, Logue M, Zink T, McKenzie R, et al. Gene-environment 
interaction of ApoE genotype and combat exposure on PTSD. Am J Med Genet B Neuropsychiatr 
Genet. 2013; 162(7):762–9. [PubMed: 24132908] 

Franz et al. Page 11

Am J Geriatr Psychiatry. Author manuscript; available in PMC 2015 December 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



Figure 1. 
Basic Multiple Mediation Model. M1, M2 are mediating variables; ai paths represent the 

indirect paths from the independent variable (IV: PTS symptoms age 37) to the mediating 

variable; bi paths represent indirect paths from the mediating variable to the dependent 

variable (DV: PTS symptoms age 61); c′ represents the direct path from the IV to DV; c 

represents the total direct and indirect effects. The model is adjusted for combat exposure.
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Figure 2. 
Attachment anxiety and avoidance mediating the influence of PTS symptoms at age 37 on 

PTS symptoms at age 61. All measures in multiple mediation models are standardized. 

Shown are parameter estimates adjusting for all other measures in the model, combat 

exposure as fixed effects and family (twin) as a random effect with 95% confidence limits, 

two tailed.
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Table 1

Sample demographics

Age

1987 assessment 37.49 (SD=2.49; range 32–43)

VETSA baseline 55.46 (SD=2.49; range 51–60)

VETSA follow-up 61.13 (SD=2.48; range 56–67)

Ethnicity (white non-Hispanic) 90%

Lifetime education: mean (SD) 13.91 (SD=2.11), range 8–20;

Income per year: age 37/ 55/ 61 (median) $30–34,000/ $50–59,000/ $50–59,000

Marital status: age 37/ 55/ 61

 Never married 9% / 5% / 5%

 Ever divorced 27%/ 43%/ 43%

 Married once 64%/ 52%/ 52%

Work status: age 55 / 61

 Work Full-Time 79% / 51%

 Retired 9% / 32%

 Disability 5% / 7%

 Other (e.g., part-time work) 8% / 10%

Percents do not always add up to 100 due to rounding
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Table 3

Crosstabs of Presumptive PTSD groups at ages 37 and 61

AGE 61

Low distress Distressed Presumptive PTSD Total N (%)

Age 37:

 Low distress 675 32 33 740 (75.9%)

 Distressed 128 17 17 162 (16.6%)

 Presumptive PTSD 48 5 20 73 (7.5%)

  Total 851 (87.3%) 54 (5.5%) 70 (7.2%) 975

Chi-square=67.50; df=4; p <.0001

Notes: Post traumatic stress disorder (PTSD)
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Table 4

Direct, indirect, and total effects of PTS symptoms at age 37 on PTS symptoms at age 61.

Path Parameter estimate (95% CI)

Direct effect:

 PTSD age 37 c′ β=.26 (.1875,.3301)

Indirect effect via:

 M1: Attachment Anxiety a1b1 β=.05 (.0242; .0739)

 M2: Attachment Avoidance a2b2 β=.02 (.0038, .0315)

Total effects: c β=.32 (.2462, .3938)

Notes: Parameter estimates from multiple mediation models; estimates for each measure adjust for all other measures and combat exposure as fixed 
effects and twin as a random effect. Measures standardized (mean=0; SD=1). All estimates are significant at p<.05, two-tailed.

Am J Geriatr Psychiatry. Author manuscript; available in PMC 2015 December 01.



N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

Franz et al. Page 18

Table 5

Multiple regression results predicting PTS symptoms at age 61.

Type 3 effects Standardized parameter estimates/ (SE) t-test (P value)

Combat exposure 0.136 (0.040) t=3.441 P=0.0006

Post-traumatic stress symptoms age 37 0.333 (0.042) t=7.974 P<.00001

Avoidant Attachment age 55 0.096 (0.039) t=2.460 P=0.0142

Anxious Attachment age 55 0.214 (0.044) t=4.918 P<.00001

Adjusted R2 = 0.30; F (4,476) = 53.26, P<.00001

Notes: Post traumatic stress (PTS). Parameter estimates from linear regression models based on “A” twin. Measures standardized (mean=0; SD=1). 
Significance tests are two-tailed.
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